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 Oecologia (Berlin) (1985) 65:194-200 O kgll

 t Springer-Verlag 1985

 Reproductive success and foraging of the crab spider Misumena vatia

 Robert S. Fritz' and Douglass H. Morse2
 ' Department of Biology, Vassar College, Poughkeepsie, NY 12601, USA
 2 Division of Biology and Medicine, Brown University, Providence, RI 02912, USA

 Summary. Reproductive success and growth rate data were
 collected for individually marked crab spiders Misumena
 vatia (Clerck) in 1980, 1981, and 1982. All measures of
 reproductive success were found to be quite variable be-
 tween individuals within years, but did not differ between
 years. Reproductive effort (mass of clutch/prereproductive
 mass of female) was the least variable measurement and
 was not correlated with female weight at reproduction.
 Clutch weight and number of eggs per clutch were highly
 correlated with female reproductive weight. Egg weight was
 not correlated with the number of eggs per clutch. Hatching
 success did not vary with clutch size and averaged 94.5%.
 Growth rates of spiders were highly variable, indicating
 large variation in feeding rate. In 1981 and 1982, approxi-
 mately 20% of female spiders were unable to capture en-
 ough prey to grow and reproduce. Primary prey species
 differed in weight and in their contribution to spider egg
 production. Spiders attacked a larger percentage of bumble-
 bees but captured a larger percentage of honeybees. There
 was no simple relationship between diet choice and repro-
 ductive success. Spiders which selected suboptimal umbels
 to forage on some or all of the time, however, had signifi-
 cantly lower reproductive success than spiders choosing the
 best umbels.

 One of the assumptions central to optimal foraging theory
 is that a close relationship exists between the rate of energy
 intake and a forager's fitness (Schoener 1971; Maynard
 Smith 1978; Whitham 1980). This assumption forms the
 basis of the premise that natural selection will select for
 animals which exhibit optimal foraging strategies regarding
 diet choice and patch choice. To the best of our knowledge,
 this assumption has not been tested when the foraging be-
 havior of individuals is known. Optimal foraging theory
 is primarily concerned with predicting how foragers should
 exploit arrays of prey types, patch types, or move most
 efficiently between patches (Pyke et al. 1977; Krebs 1978;
 Werner and Mittlebach 1981). However knowing the repro-
 ductive success of foraging individuals when foraging de-
 cisions are known would permit a direct evaluation of the
 selective advantages of particular foraging behaviors. Ware
 (1982) points out that foraging could then be considered
 within the framework of life history theory.

 We have studied both the foraging behavior (diet and
 patch choice) and reproductive success of a crab spider,
 Misumena vatia (Clerck) (Araneae: Thomisidae) under nat-
 ural field conditions. Misumena vatia is a common sit-and-
 wait predator on field flowers throughout the northeastern
 United States. Morse (1979) showed that this spider did
 not specialize on bumble bees as predicted when hunting
 on pasture rose, even though it could have increased its
 energy intake over 7% by doing so. Subsequently, Morse
 and Fritz (1982) demonstrated that this spider achieved
 only moderate success in choosing the best foraging patches
 (between umbels and between stems) on common milkweed
 (Asclepias syriaca L.). Here we extend our studies of M.
 vatia's foraging on milkweed to examine: (1) variation
 among spiders in reproductive success, (2) correlation be-
 tween growth rates and reproductive success, and (3) the
 relationship of foraging decisions to reproductive success.

 Reproductive natural history of M. vatia

 M. vatia is univoltine in Maine and produces only a single
 clutch of eggs in its lifetime (Gertsch 1939), thus lifetime
 reproductive success can be unambigously determined. Fe-
 males reach maturity in June through August. Eggs hatch
 after approximately three weeks, and early instars fre-
 quently feed on small flies attracted to goldenrod (Solidago
 spp.). Crab spiders overwinter in a middle instar (Morse,
 personal observation). Female M. vatia acquire approxi-
 mately 80-85% of their maximum weight during the adult
 instar. Therefore, feeding during the adult instar contributes
 most if not all of the energy which goes into reproduction.
 After 1-3 weeks, adult female crab spiders cease feeding
 and begin searching for nearby suitable nest sites. A female
 spider which feeds on milkweed during the adult instar usu-
 ally selects a small leaf near the top of a non-flowering
 milkweed stem on which to deposit her clutch. Clutches
 of eggs, which are guarded by the female, are easily located.

 Materials and methods

 Data were collected on spiders in a field in Bremen, Lincoln
 County, Maine, USA, in July and August 1980, 1981, and
 1982. This study area was described in detail in Morse
 (1979, 1981). A total of 163 adult female spiders were indi-
 vidually marked with indelible ink on the posterior part
 of their abdomen (22 in 1980, 52 in 1981, and 89 in 1982).
 Only adult spiders were used in this study. Offprint requests to: Robert S. Fritz
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 Table 1. Mean reproductive characteristics of female crab spiders which reproduced in 1980, 1981 and 1982

 Femalea Clutch Silk Total Reproductiveb Egg Eggc
 weight weight weight weight effort number weight

 (mg) (mg) (mg) (mg) (%) (mg)

 X 75.2 147.7 1.5 221.4 65.5 243.9 0.631
 SD 20.3 43.8 0.8 55.8 7.0 68.5 0.107
 N 49 49 19 49 49 26 26
 CV 27.0% 29.7% 53.3% 25.2% 10.7% 28.1% 17.0%

 Weight of female after clutch was laid
 b Clutch weight/Total weight

 Clutch weight/Egg Number

 All spiders were weighed to the nearest mg on a Cahn
 Electrobalance every 1-2 days or when found, to obtain
 estimates of long-term growth rates. Spiders were censused
 hourly as described by Morse and Fritz (1982), permitting
 us to record choices of prey and hunting sites. The four
 major prey species of M. vatia foraging on milkweed were
 bumblebees (Bombus terricola Kirby and B. vagans F.
 Smith), honeybees (Apis mellifera L.) (Hymenoptera: Api-
 dae) and a noctuid moth, Amphipoea velata (Walker) (Lepi-
 doptera: Noctuidae). We collected and weighed prey items
 soon after they were discarded by the spiders. Spiders that
 captured prey were weighed soon after feeding to determine
 the amount of weight gained from consuming particular
 prey species. We also collected samples of each primary
 prey species to determine their fresh wet and dry weights.

 After spiders began to leave their feeding locations prior
 to egg-laying, we searched the milkweed plants 3-4 times
 per day for nesting spiders. Spiders found guarding eggs
 were usually discovered within half a day after depositing
 their clutches. In many cases we discovered spiders building
 nests and were able to collect the female and her clutch
 immediately after eggs were deposited. In 1980 and 1981
 we collected the female spiders and the leaf bearing her
 clutch of eggs and brought them into the laboratory. We
 weighed the female, the entire clutch of eggs, and the silk
 used in nest construction. The eggs in each clutch were
 then counted under a dissecting microscope. Female weight
 and clutch weight were determined in 1982 but egg numbers
 were not counted, since the egg masses were used for studies
 of hatching success in the field. We determined the hatching
 success of 21 egg masses collected from the field just prior
 to hatching. We took them to the laboratory and counted
 the number of spiderlings emerging and the number of un-
 hatched eggs for each egg mass.

 Results

 Reproductive traits offemale Misumena

 Female M. vatia averaged 221 mg at reproduction. How-
 ever, individuals varied greatly in size at reproduction (Ta-
 ble 1), ranging from 114 to 348 mg, a three-fold difference.
 No significant correlation occurred between the date of egg-
 laying and biomass at reproduction in 1982 (r -0.04, p >
 0.10, N=20).

 In 1981, 10 of 52 spiders (19.2%) did not attain even
 114 mg, the weight of the smallest spider that reproduced
 in all years. In 1982, 20 of 89 spiders (22.5%) did not attain
 this minimal weight. To our knowledge, none of these

 spiders reproduced in either year. In both years, a substan-
 tial number of spiders reaching at least 114 mg disappeared.
 It might be argued that the sample of spiders that repro-
 duced was somehow biased. This is not supported however,
 because the weight of spiders that disappeared and those
 that reproduced did not differ significantly in either (1981
 (248.0 + 70.2 mg (X+ I SD) vs 242.6 + 47.1 mg, t= 0.29) or
 1982 (191.3 + 56.2 mg vs 217.9 + 60.5 mg, t = 1.71), respec-
 tively.

 The weight of females when they produced their clutch
 was generally lower than the maximum recorded weight
 for the females prior to reproduction, reflecting a period
 of inactivity during which they probably were forming and
 maturing eggs. We weighed 15 of the 49 spiders which re-
 produced frequently enough to permit an assessment of
 weight changes prior to reproduction. These individuals
 showed an average loss of 25.1 + 24.3 mg (range
 + 10-63 mg).

 Females produced clutches averaging 148 mg (range 72-
 238 mg) (Table 1) and their post-ovipositional weight aver-
 aged 75 mg (range 41-121 mg) after depositing their
 clutches. Their reproductive effort (defined as clutch
 weight/prereproductive weight) averaged 65.5% of their
 weight at reproduction (Table 1), with a range of 44.4%
 to 76.4%. We excluded silk from our calculation of repro-
 ductive effort since it was not weighed in 1980 or 1982.
 However, because silk contributed only 1.5 mg of total bio-
 mass in 1981 (Table 1), this is unlikely to affect our calcula-
 tions markedly. Only 7 of 49 spiders had reproductive ef-
 forts of less than 60% (Fig. 4). Eggs per clutch varied from
 119 to 368 and averaged 244 (Table 1). Female, clutch, and
 total weight and egg number showed similar amounts of
 variation (Table 1). Reproductive effort was the least vari-
 able reproductive trait with a C.V. of only 10.7%, and egg
 weight had a C.V. of 17.0%.

 Variation in reproductive success of M. vatia is not due
 to variation between the years of our study. There was
 no significant difference between years in the weight of
 spiders at reproduction (F2 46 =1.61, p>O.10), clutch
 weight (F2,46=1.61, p>0.10), or egg number per clutch
 in 1980 and 1981 (t = 2.01, df= 25, p > 0.05).

 Correlations among reproductive traits

 Clutch weight was strongly (r 2=0.874) and linearly corre-
 lated with the preovipositional weight of females at egg-
 laying (Fig. 1). Female weight was also significantly corre-
 lated (r2 = 0.671) with the number of eggs per clutch (Fig.2).
 Although egg weights varied from 0.40 to 0.81 mg (X=
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 Fig. 1. Correlation between the weight of female crab spiders when
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 Fig. 2. Correlation between the weight of female crab spider weight
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 0.63 mg) (Table 1), no significant correlation occurred be-
 tween egg weight and egg number (Fig. 3). Reproductive
 effort did not vary significantly with female preoviposi-
 tional weight (Fig. 4).

 The percentage of spiderlings emerging from egg masses
 (X= 94.5%) was not significantly correlated with the
 number of eggs per egg mass (y=85.5+0.035 x, N=21,
 r = 0.225, p > 0.25), thus hatching success does not vary with
 clutch size.

 Growth rates and reproductive success

 The growth rates of spiders in 1981 and 1982 were signifi-
 cantly correlated with the initial weight at which we began
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 Fig. 3. Relationship between clutch size and average egg weight.
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 Fig. 4. Relationship between female weight at reproduction and
 reproductive effort (percentage of weight committed to egg produc-
 tion)

 observing them (r2=0.057, N=77, p<0.05. Growth rates
 of 77 female crab spiders were highly variable ranging from
 -4 mg/day to more than 80 mg/day. The C.V. of growth
 rates was 80.2%, the most variable trait we measured. Most
 growth rates of the crab spiders ranged from 0-30 mg/day,
 with a mean of 16.7 +13.4 mg/day. Several spiders had
 growth rates between 30 and 80 mg/day however, and two
 spiders lost weight after attaining an intermediate size. The
 latter two spiders reproduced, but at weights considerably
 below the mean weight of reproducing spiders (see Fig. 5).

 Growth rate was significantly and positively correlated
 (r,2=0.526) with egg production (Fig. 5). These data indi-
 cate the importance of successful prey capture to the repro-
 ductive success of M. vatia.

 Although some spiders were very successful, a substan-
 tial number grew very little, even though abundant hunting
 sites and prey were available. Thirteen relatively small
 spiders lost weight over periods ranging from 3 to 17 days.

 lheatteratogpier reprntodued buigt ats weights+.0 consdeaby
 beow hs ndvdas the meanlveag weight of rerduigspdre(esige)
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 Fig. 5. Correlation between growth rate and reproductive success
 (egg number) for 21 crab siders in 1981 and 1982 for which growth
 rate data were available. Data on egg number per clutch for the
 12 crab spiders in 1982 were estimated from the regression in Fig. 2

 spiders was 80.9 + 39.8 mg and the average weight at the
 end of the observation period was 71.6 + 33.4 mg. These
 spiders were unsuccessful at capturing prey, and none of
 them reproduced.

 Diet choice, value of prey, and spider growth

 The four primary prey species M. vatia differed in their
 wet and dry weights (Table 2), and consequently in the
 amount of energy available to a spider capturing one.
 B. terricola, the heaviest prey species, weighed more than
 twice as much as A. mellifera, the smallest of the primary
 prey items (Table 2). The two intermediate species, B. va-
 gans and A. velata, did not differ significantly in weight
 (Table 2). A. velata is a nocturnal species and therefore does
 not overlap in activity with the three diurnal bees. It was
 the most abundant nocturnal prey item and is the prey

 most often consumed by spiders at night (Fritz and Morse,
 unpublished data).

 Comparison of average spider weight gains after con-
 suming particular prey species (assuming that handling
 costs are included) shows that spiders gain significantly
 more weight when consuming B. terricola than when con-
 suming any other prey species (Table 2). Spiders consuming
 the other three species did not have significantly different
 weight gains. Spiders feeding on B. terricola acquired on
 average 64.6% more weight than if they caught B. vagans,
 and 87.6% more weight than if they caught A. mellifera.
 Spiders consummed approximately equal percentages of the
 weight of the three diurnal bees (Table 2). However, spiders
 consumed about one-third less of A. velata, perhaps par-
 tially a consequence of the moth's relatively large wings.

 The different prey species should provide spiders with
 resources for quite different numbers of eggs. A large per-
 centage of spiders that caught the large prey items only
 caught a single bee each day (97.4%, 38 of 39 records).
 Since a spider consumes only one large prey item each day,
 selecting the largest prey (for the moment not considering
 capture probabilities) will strongly influence the growth rate
 of female grab spiders and hence the number of eggs she
 will produce in her lifetime.

 We can provide a preliminary test of this hypothesis
 by comparing the growth rates and maximum weight of
 spiders that fed only on Bombus species to spiders that
 fed only on Apis. Table 3 shows the growth rate and maxi-
 mum weight of 8 spiders that fed exclusively on Bombus
 and 7 spiders that fed exclusively on Apis. Both growth
 rates and maximum weights were higher for spiders feeding
 on Bombus than for spiders feeding on Apis, although nei-
 ther of these comparisons were significant at the 5% level.
 The trend and the level of significance however suggest
 that a significant difference would exist if spiders that fed
 only on B. terricola were compared to spiders that fed on
 the other diurnal prey. At present too few data are available
 to make this comparison. Spiders that fed on Bombus con-
 sumed one less prey item on average to attain the marginally
 higher growth rate and weight than spiders that fed on
 Apis. Numerous spiders fed on both Bombus and Apis and
 thus this comparison is not meant to imply that some
 spiders were specializing in any way.

 Of the diurnal prey taken in 1982 spiders showed a
 distinct preference for Apis. Table 4 shows the observed
 number of each bee species preyed on by this crab spider
 in 1982 and the total census abundance of each species
 foraging through the flowering season of milkweed. Signifi-
 cantly more Apis were captured than expected by chance
 (p<0.001). These data do not partition attack rates and
 capture success by spiders. Data from continuously ob-

 Table 2. Weights (X+ 1 SD) of primary prey items of M. vatia, average weight gains of spiders feeding on those prey, and percentage
 of prey item consumed

 Bombus terricola Bombus vagans Apis mellifera Amphipoea velata

 Prey wet weighta 186.1 + 49.5 * 113.3 + 23.6+ 91.6+15.40 121.2+16.6+
 Prey dry weight 59.8+15.9 38.0+ 7.9 36.1 + 10.7
 Spider weighta 61.9+ 9.3* 37.6? I17.4- 33.0+15.9+ 27.3+11.4+
 Percentage of Prey consumed 33.3% 33.2% 36.0% 22.5%
 (wet weight)

 a Means that differ significantly by ANOVA at p < 0.05 are indicated by different symbols
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 Table 3. Comparison of growth rates and maximum biomass of
 crab spiders that consumed B. terricola and B. vagans only versus
 spiders that consumed only A. mellifera

 Number Bombus specialists c Apis specialists'

 Growth Maximum Growth Maximum
 rate biomass rate biomass
 mg/day mg mg/day mg

 1 24.3 232 17.9 241
 2 16.8 235 20.5 191
 3 18.2 169 12.6 172
 4 63.0 285 14.0 200
 5 16.3 280 5.6 130
 6 42.3 219 21.4 218
 7 17.3 280 10.3 245
 8 8.9 137

 X 25.9a 229.6b 14.6a 199.5b
 SD 17.9 54.2 5.7 40.4

 a Mann-Whitney U test, U= 17, p = 0.116
 b Mann-Whitney U-test, U = 18, p = 0.140

 Bombus specialists ate 2-3 (X= 2.1) B. terricola or B. vagans Apis
 specialists ate 3-4 (X= 3.3) A. mellifera

 Table 4. Observed and expected number of diurnal bees captured
 by M. vatia in 1982 with the total abundance of each bee species
 observed in the clone of milkweed

 Prey Bombus Bombus Apis Total
 terricola vagans mellifera

 Number of prey 621 589 337 1,547
 Observed captures 15 15 40 70
 Expected captures 28.1 26.7 15.2 70

 X2 = 51.7, p < 0.001

 Table 5. Prey visits to umbels with spiders, attacks by spiders and
 prey captures by spiders on milkweed stems which were observed
 continuously. 70 spiders were observed for a total of 190 h

 Prey Visits Attacks (%) Captures (%)a
 species to stems

 B. terricola 539 59 (10.9%) 2 (3.4%)
 B. vagans 929 92 (9.9%) 7 (7.6%)
 A. mellifera 964 49 (5.1%) 14 (28.6%)

 a Percentage of attached prey that were captured

 served spiders however, allow us to examine these separate
 factors. Table 5 shows that number of attacks on Bombus
 sp. were twice that on A. mellifera. This significant differ-
 ence (X2 = 18.55, df= 2, p < 0.001) partially supports the pre-
 diction that Bombus should be preferred over Apis. The
 percentage of attacked Apis that were captured, however,
 was much higher than for either of the bumblebees (Ta-
 ble 5). The difference in capture success between the prey,
 however, was not related to spider weight. Spiders that
 caught B. terricola', B. vagans, and A. mellifera, respective-
 ly, weighed 153.6+ 56.1 (SD) mg, 152.0+ 56.8 mg, and
 154.6 + 66.7 mg. These data suggest that the higher capture
 of Apis was due to greater capture success.

 Profitability of the three bees can now be calculated
 from Table 5. The expected mg of each prey per 10 h day

 consumed by each spider (calculated as visits/1O h x capture
 probability/visit/spider x expected mg of each prey con-
 sumed) shows that Apis (4.782 mg/spider/day) is the most
 profitable prey. B. vagans (2.515 mg/spider/day) is the next
 most profitable, whereas B. terricola (0.718 mg/spider/day)
 is the least profitable prey. Therefore, captures of the three
 bee species corresponded well to the profitability of the
 prey, but attacks did not.

 Patch choice and reproductive success

 Selection of high quality patches in which to forage by
 M. vatia should contribute to greater reproductive success
 because of greater prey availability and therefore greater
 growth rate. Milkweed umbels within a stem vary in the
 number of white flowers available to pollinators because
 of their phenology of flowering from the bottom to the
 top of the stem. Thus at any time there are discrete differ-
 ences in their attractiveness to pollinators (there is a two-
 fold difference in the number of bee visitations to adjacent
 umbels) (Morse and Fritz 1982).

 Reproductive data are available on 10 spiders for which
 patch choice information is also available. Spiders were of-
 fered umbels of 3 different qualities in one or two trials,
 thus spider patch choice is an index of their patch prefer-
 ence. Six spiders selected the high quality umbels (25 + white
 flowers). Their weights at reproduction were 206 mg,
 256 mg, 260 mg, 270 mg, 304 mg, and 330 mg (X= 271.0 +
 42.8 mg (1 SD)). Two spiders selected lower quality umbels
 (5-10 or 0 white flowers); their weights at reproduction
 were 138 mg and 201 mg (X=169.5+44.5 mg). Two other
 spiders split their time equally between high and low quality
 umbels; their weights were 147 mg and 231 mg (X= 189.0 +
 59.4 mg). Reproductive weights of spiders selecting high
 quality patches were significantly higher than weights of
 the other four spiders (Mann-Whitney U test, p = 0.01).
 Comparing the six spiders selecting the high quality patches
 to the two spiders selecting the low quality patches the
 difference in reproductive weight is still significant (Mann-
 Whitney U test, p = 0.036. These data suggest that choice
 of patches with few flowers to attract pollinators has a
 significant effect on reproductive success.

 Discussion

 Relationships among size, growth rate
 and reproductive success

 This study shows that there is a close relationship between
 spider size at reproduction and reproductive success, and
 that growth rate (a measure of the rate of energy intake)
 is correlated with reproductive success. Thus we have con-
 firmed one of the central assumptions of optimal foraging
 theory. This result was not surprising. What was surprising
 was that all measures of reproductive success of this crab
 spider were highly variable between individuals within each
 year of the study, but not between years. Growth rate was
 the most highly variable trait of this spider with a C.V.
 of 80.2%. This indicates that some factor or factors were
 influencing the ability of these female spiders to capture
 prey. One factor could be the degree of variation in habitat
 richness where we studied the spider. We minimized the
 influence of environmental variability by confining our stu-
 dies to a single clone of milkweed, which had both prey
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 and hunting sites far in excess of the spiders' requirements.
 Spiders captured only 1-3% of the available prey, and their
 density was so low that interference between them was un-
 likely (Morse and Fritz 1982).

 We are not able to comment on the possibility that
 genetic differences between spiders in the size at which they
 mature affect lifetime reproductive success. We are pre-
 sently rearing this spider under laboratory conditions to
 look for variation in size at reproduction under uniform
 conditions. However, if such a difference existed it should
 be selected against, at least under the conditions experi-
 enced while on milkweed. This spider which forages for
 prey on a large number of flower species is probably able
 to reproduce at a wide range of sizes depending on the
 richness of the habitat it experiences.

 Several investigators have demonstrated that spiders in
 rich habitats or with supplemental food produce more eggs
 than those in less favorable habitats (Kessler 1971; Riechert
 and Tracy 1975; Turnbull 1965; Wise 1979). Because of
 the uniformity of the habitat in which we studied this spider
 and because each individual had ample opportunity to se-
 lect prey species and patches on which to forage, variability
 in foraging success is apparently responsible for the large
 variability in reproductive success we observed. Coefficients
 of variation of reproductive parameters exhibited modest
 variation, but CV of reproductive effort showed the least
 variation (Table 1), indicating the major source of the varia-
 tion in reproductive success we observed was not due to
 secondary adjustments in allocation of resources to repro-
 duction but to foraging success itself.

 Factors affecting foraging success

 Growth rate, correlated with reproductive success, indicates
 the importance of hunting success in determining the
 number of eggs produced. Clearly, the majority of spiders
 did not capture prey and grow at their maximum hypotheti-
 cal rate. Several factors could contribute to the variable
 performance of many spiders.

 Holmberg and Turnbull (1982) showed that prey selec-
 tion by a wolf spider was related to the fitness benefits
 provided by the prey species. The most preferred prey con-
 tributed the most to spider growth and fecundity. There-
 fore, variation in diet could lead to variation in reproductive
 success. Apis was the most profitable of the three diurnal
 prey species, but M. vatia attacked Bombus species most
 frequently. Also, spiders that consumed only Bombus spe-
 cies were able to grow somewhat faster on fewer captures
 than spiders that fed only on Apis. Thus, diet choice could
 contribute to some of the variation in reproductive success.

 This seems to be a paradox, but it may be a simple
 consequence of the fast-moving bumblebees being more
 conspicuous than the slower honeybees, and the question
 of prey attack may be regulated by limitations of the spider
 perceptual system. Griffiths (1981) has similarly suggested
 that such constraints are responsible for ant-lions not con-
 forming in their prey capture to simple predictions from
 optimal foraging.

 Differences in success of choosing high-quality hunting
 sites could affect reproductive success. Morse and Fritz
 (1982) showed that choice of umbels of different quality
 on milkweed stems most closely fit the visitation patterns
 of prey to those umbels. Under simple experimental condi-
 tions most spiders could distinguish between sites of differ-

 ing quality, but 30% of the spiders in that study selected
 intermediate or low quality umbels on which to forage.
 Our data on reproductive success of spiders that made
 patch choices under those experimental conditions showed
 spiders that selected high quality patcheshad significantly
 greater reproductive success that spiders that selected lower
 quality patches on the same stem. Patch choices between
 stems that differed in quality presented an even more for-
 midible challenge to spiders (Morse and Fritz 1982). Patch
 choice decisions could have made a significant contribution
 to the variation in growth rates and reproductive success
 of the spiders in this study. Because of the few data relating
 to this observation, this conclusion is tentative.

 Effect offlower species and time

 Because these spiders feed and apparently reproduce on
 numerous other flower species (A.T. Smith, pers. comm.)
 it will be of interest to determine if the same extent of
 variation in growth rate and reproductive success exists on
 different flower species. Morse (1981) showed that, of three
 flower species in our study area, prey availability was grea-
 test on milkweed. One might predict that spiders will spe-
 cialize on the flower species having the greatest prey den-
 sity; however, last instar females clearly do not restrict
 themselves in this way (Morse 1982; Morse and Fritz 1982).

 This same environmental patchiness may constrain fe-
 male spiders to reproduce on the plant species that they
 occupy in their last instar, using energy gained from forag-
 ing there. Dispersal of adult spiders between plant species
 is clearly an uncommon event (Morse and Fritz 1982), but
 see Olive (1982) for evidence of different movement capabil-
 ities of another species of spider. As the flowering period
 ends and prey decrease, small spiders may be forced to
 reproduce, if the risk of dispersing exceeds the benefits of
 reaching better hunting sites. This constraint would select
 strongly for feeding at high rates when individuals occupy
 high quality, temporary patches. We cannot comment on
 the dispersal abilities of earlier instars of this spider.

 Several investigators have commented on the apparent
 suboptimality of foraging decisions of some predators
 (Griffiths 1981; Morse and Fritz 1982; Draulans 1982).
 Inability of predators to make optimal decisions could con-
 tribute to variability in reproductive success. Even with op-
 timal prey selection behavior, stochastic prey visitation pat-
 terns to milkweed umbels could contribute to substantial
 variation in diet composition and thus reproductive success.
 It is important to determine the causes of apparent devia-
 tions from optimal behavior, their effect on reproductive
 success and what factors maintain variable foraging behav-
 ior in populations.

 Acknowledgments. We thank Peter Karieva, Peter Price, Robert
 Suter and Jonathan K. Waage for comments on the manuscript.
 R. Bartlett generously permitted use of his property. C. Duckett,
 D. Fleming, C. Jacobs, A. Keller, and E. Woodrow assisted in
 the field. Supported by National Science Foundation Grants DEB
 80-08502 and DEB 80-08502-AOI.

 References

 Draulans D (1982) Foraging and size selection of mussels by the
 tufted duck, Aythyafuligula. J Anim Ecol 51:943-956

 Gertsch WJ (1939) A revision of the typical crab-spiders (Misumen-

This content downloaded from 137.229.5.94 on Sat, 18 May 2019 16:55:34 UTC
All use subject to https://about.jstor.org/terms



 200

 inae) of America north of Mexico. Bull Am Mus Nat Hist
 76:277-442

 Griffiths D (1981) Sub-optimal foraging in the ant-lion Macroleon
 quinquemaculatus. J Anim Ecol 50:697-702

 Holmberg RG, Turnbull AJ (1982) Selective predation in a eury-
 phagous invertebrate predator, Pardosa vancouveri (Arachnida:
 Araneae). Can Entomol 114:243-257

 Kessler A (1971) Relation between egg production and food con-
 sumption in species of the genus Pardosa (Lycosidae, Araneae)
 under experimental conditions of food-abundance and food-
 shortage. Oecologia (Berlin) 8:93-109

 Krebs JR (1978) Optimal foraging: decisions rules for predators.
 In: Krebs JR, Davies NB (eds) Behavioural Ecology: An evolu-
 tionary approach. Sinauer Associates, Inc. Sunderland, Massa-
 chusetts, USA p 23-63

 Maynard Smith J (1978) Optimization theory in evolution. Annu
 Rev Ecol Syst 9:31-56

 Morse DH (1979) Prey capture by the crab spider Misumena caly-
 cina (Araneae: Thomisidae). Oecologia (Berlin) 39:309-319

 Morse DH (1981) Prey capture by the crab spider Misumena vatia
 (L.) (Thomisidae) on three common native flowers. Am Midl
 Nat 105:358-367

 Morse DH (1982) The turnover of milkweed pollinia on bumble
 bees, and implications for outcrossing. Oecologia (Berlin)
 53:187-196

 Morse DH, Fritz RS (1982) Experimental and observational stu-

 dies of patch choice at different scales by the crab spider Mis-
 umena vatia. Ecology 63:172-182

 Olive CW (1982) Behavioral response of a sit-and-wait predator
 to spatial variation in foraging gain. Ecology 63:912-920

 Pyke GH, Pulliam HR, Charnov EL (1977) Optimal foraging: a
 selective review of theory and tests. Q Rev Biol 52:137-154

 Riechert SE, Tracy CR (1975) Thermal balance and prey availabili-
 ty: bases for a model relating web-site characteristics to spider
 reproductive success. Ecology 56:265-284

 Schoener TW (1971) Theory of feeding strategies. Annu Rev Ecol
 Syst 2: 369-404

 Turnbull AL (1965) Effects of prey abundance on the development
 of the spider Agelenopsis potteri (Blackwell) (Araneae: Ageleni-
 dae). Can Entomol 97:141-147

 Ware DM (1982) Power and evolutionary fitness of teleosts. Can
 J Fish Aquat Sci 39:3-13

 Werner EE, Mittlebach GG (1981) Optimal foraging: field tests
 of diet choice and habitat switching. Am Zool 21:813-829

 Whitham TG (1980) The theory of habitat selection: examined
 and extended using Pemphigus aphids. Am Nat 115:449-466

 Wise DH (1979) Effects of an experimental increase in prey abun-
 dance upon the reproductive rates of two orb-weaving spider
 species (Araneae: Araneidae). Oecologia (Berlin) 41: 289-300

 Received August 15, 1984

This content downloaded from 137.229.5.94 on Sat, 18 May 2019 16:55:34 UTC
All use subject to https://about.jstor.org/terms


	Contents
	[194]
	195
	196
	197
	198
	199
	200

	Issue Table of Contents
	Oecologia, Vol. 65, No. 2 (1985), pp. 153-304
	Front Matter
	The Negative Effects of Litter of Parent Plants of Cirsium vulgare on Their Offspring: Autotoxicity or Immobilization? [pp. 153-160]
	Growth and Development of Larvae and Galls of Urophora cardui (Diptera, Tephritidae) on Cirsium arvense (Compositae) [pp. 161-165]
	þÿ�þ�ÿ���þ���ÿ�������E�������f�������f�������e�������c�������t�������s������� �������o�������f������� �������C�������O��� ����������� �������E�������n�������r�������i�������c�������h�������m�������e�������n�������t������� �������a�������n�������d������� �������W�������a�������t�������e�������r������� �������S�������t�������r�������e�������s�������s������� �������o�������n������� �������G�������a�������s������� �������E�������x�������c�������h�������a�������n�������g�������e������� �������o�������f������� �������L�������i�������q�������u�������i�������d�������a�������m�������b�������a�������r������� �������s�������t�������y�������r�������a�������c�������i�������f�������l�������u�������a������� �������a�������n�������d������� �������P�������i�������n�������u�������s������� �������t�������a�������e�������d�������a������� �������S�������e�������e�������d�������l�������i�������n�������g�������s������� �������G�������r�������o�������w�������n������� �������u�������n�������d�������e�������r������� �������D�������i�������f�������f�������e�������r�������e�������n�������t������� �������I�������r�������r�������a�������d�������i�������a�������n�������c�������e������� �������L�������e�������v�������e�������l�������s������� �������[�������p�������p�������.������� �������1�������6�������6�������-�������1�������7�������2�������]
	Development of a Subtidal Epibenthic Community: Factors Affecting Species Composition and the Mechanisms of Succession [pp. 173-184]
	Larval Developmental Rates of Three Putative Subspecies of Tiger Swallowtail Butterflies, Papilio glaucus, and Their Hybrids in Relation to Temperature [pp. 185-193]
	Reproductive Success and Foraging of the Crab Spider Misumena vatia [pp. 194-200]
	The Effects of Ozone and Acid Mist on Scots Pine Saplings [pp. 201-206]
	Carbon Dioxide Assimilation and Stomatal Response of Afroalpine Giant Rosette Plants [pp. 207-213]
	Foliage Phenols and Nitrogen in Relation to Growth, Insect Damage, and Ability to Recover after Defoliation, in the Mountain Birch Betula pubescens ssp tortuosa [pp. 214-222]
	Rapid Wound-Induced Resistance in White Birch (Betula pubescens) Foliage to the Geometrid Epirrita autumnata: A Comparison of Trees and Moths within and outside the Outbreak Range of the Moth [pp. 223-228]
	Resource Allocation in Tomocerus flavescens (Insecta, Collembola): A Study with C-14-Labelled Food [pp. 229-235]
	Food Selection by Western Gorillas (G.g. gorilla) in Relation to Food Chemistry [pp. 236-246]
	Nutrient Content of Abutilon theophrasti Seeds and the Competitive Ability of the Resulting Plants [pp. 247-251]
	A Model Approach to the Population Dynamics of the Rotifer Brachionus rubens in Two-Stage Chemostat Culture [pp. 252-259]
	A Comparison of the Reproductive Strategies of Three Species of Dysdercus from Africa (Hemiptera, Pyrrhocoridae) [pp. 260-265]
	Population Regulation of Serengeti Wildebeest: A Test of the Food Hypothesis [pp. 266-268]
	Statistical Analysis of Fluctuations in Red Grouse Bag Data [pp. 269-272]
	Neighbors Ameliorate Local Salinity Stress for a Rhizomatous Plant in a Heterogeneous Environment [pp. 273-277]
	Morphological Changes along an Altitude Gradient and Their Consequences for an Andean Giant Rosette Plant [pp. 278-283]
	Feeding Ecology of the Tropical Spitting Spider Scytodes longipes (Araneae, Scytodidae) [pp. 284-288]
	Energy Partitioning in Three Species of Nematode from Polysaprobic Environments [pp. 289-295]
	Seasonal and Diurnal Leaf Movements of Rhododendron maximum L. in Contrasting Irradiance Environments [pp. 296-302]
	Back Matter [pp. 303-304]



